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57 ABSTRACT 
A stator yoke is configured for engaging with similarly 
configured stator yokes of a stepping motor. The stator 
yoke comprises a cylindrical ring made of a magnetic 
material and has a first annular edge and a second annu 
lar edge. A plurality of tooth poles are integrally 
formed with the cylindrical ring and are disposed in 
spaced-apart relation along the first annular edge. The 
plurality of tooth poles are engageable with a plurality 
of tooth poles of a similarly configured stator yoke of 
the stepping motor. The stator yoke has a plurality of 
locating protrusions integrally formed with the cylin 
drical ring and disposed in spaced-apart relation along 
the second annular edge. The plurality of spaced-apart 
locating protrusions are engageable with locating pro 
trusions of a similarly configured stator yoke of the 
stepping motor or with a support plate of the stepping 
motor. The locating protrusions accurately ensure the 
relative angular position of tooth poles between adja 
cent phases of the stepping motor. A stepping motor 
includes an outer stator comprised of the above de 
scribed stator yokes. A pair of interior stator yokes 
engage with each other through their respective locat 
ing protrusions, and each of a pair of exterior stator 
yokes engage with a corresponding one of the pair of 
interior stator yokes through their respective tooth 
poles. 

17 Clains, 9 Drawing Sheets 
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STEPPING MOTOR 

BACKGROUND OF THE INVENTION 

The present invention relates to a stepping motor of 
the inner rotor type having multiple stator tooth poles 
along an inner periphery of the motor, and relates to a 
stator yoke used in the stepping motor as well as a pro 
duction method of the stator yoke. 

FIG. 4 illustrates an example of the conventional 
stepping motor of the inner rotor type. A pair of interior 
yokes 2 (FIG. 8 or FIG. 9 shows a perspective view 
thereof) are coupled to each other at their bottom faces. 
Another pair of exterior yokes 1 (FIG. 7 shows a per 
spective view thereof), which support respective bear 
ings 5, are coupled in opposed relation to the respective 
interior yokes 2 along their edge portions to form a 
stator yoke. A pair of bobbins 7 have wound coils 6 and 
are disposed around each phase of the stator yoke to 
thereby form an outer stator. A shaft 9 is fixed to a 
magnet 8 and to a pair of intermediate washers 10 to 
form an inner rotor, which is contained in a center of 
the stator. 

FIGS. 5 and 6 show other examples of the conven 
tional stepping motor of the inner rotor type. The FIG. 
5 motor is different from the FIG. 4 motor in that this 
motor utilizes yokes of the type shown in FIGS. 8 or 9 
for both of the exterior and interior yokes 1 and 2 in 
stead of the exterior yokes shown in FIG. 7 or FIG. 10. 
Each exterior yoke 1 is fixed to a casing 3 of a cylindri 
cal cup-shape. In similar manner, the FIG. 6 motor is 
different from the FIG. 4 moter in that this motor uti 
lizes an exterior yoke 1 (FIG. 10 shows a perspective 
view thereof) which does not have a hole for receiving 
a bearing 5, and which is attached to a bearing support 
plate 4. 

In making an exterior yoke as shown in FIG. 7, a 
sheet composed of a magnetic material is drawn to 
shape a cup to form a ring yoke 1h and a bottom plate 
1g. The bottom plate 1g is processed to form tooth poles 
1a.1b, corresponding openings liaround the tooth poles 
and a center hole 1.jprepared to receive therein a bear 
ing. The tooth poles 1a .1b are raised vertically to the 
bottom plate 1g. The yoke is formed by the above de 
scribed punching/raising method. 
The FIG. 8 yoke is formed also by the punching/rais 

ing method such that tooth poles 1a, 1b are punched in a 
center of a bottom plate 1g of a magnetic sheet and such 
that the tooth poles 1a1b are raised vertically from the 
bottom plate 1g. 
The FIG. 9 yoke is formed such that a sheet of a 

magnetic material is drawn to form a central convex 
and then tooth poles 1a1b are punched and raised from 
a bottom plate 1g. 
The FIG. 10 exterior yoke is formed such that a sheet 

of a magnetic material is drawn to form a cup to define 
a ring yoke 1h and a bottom plate 1g. Next, a center of 
the bottom plate 1g is again drawn oppositely and is 
die-cut to form tooth poles 1a1b, which are then raised 
vertically relative to the bottom plate 1g. 
For example, the punching/raising method is dis 

closed in FIG. 2 of prior art of Japanese patent applica 
tion Laid-open No. 56-86054, and in FIG.3 of Japanese 
utility model registration application Laid-open No. 
56-133777. The drawing and punching method is dis 
closed in Japanese patent application Laid-open Nos. 
56-86054 and 57-21 1964. 
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2 
However, the conventional stepping motor has the 

following problems: 
(1)As shown in FIG. 13, if a stator yoke has a rela 

tively small inner diameter ID and a length L of each 
tooth pole is set to L>ID/2, then an inner yoke cannot 
be produced by the punching/raising method since the 
tooth pole is raised from a center of the yoke. The 
drawing and punching method also has similar diffi 
culty as the length L becomes greater than ID. In case 
of L>>ID/2, the production is impossible. For this 
reason, in the stepping motor of a small diameter, the 
stator yoke has also a small inner diameter so that the 
tooth pole cannot be elongated, hence the motor cannot 
be elongated axially, thereby failing to improve torque. 

(2) As shown in FIG. 14(a), if the tooth pole is exten 
sively elongated as compared to the FIG. 14(b) case, the 
amount of deformation is increased by the drawing 
work so that a plate thickness T1 of the tooth pole 
shown in FIG. 14(a) is smaller than a plate thickness T2 
shown in FIG. 14(b). Namely, if L>L2, TCT2 is 
held. If such a yoke is used to constitute a magnetic 
circuit in the motor, there cannot be obtained an effec 
tive magnetic flux proportional to the length L1 of the 
tooth pole to thereby inclease a magnetic flux leakage. 
For this reason, there cannot be obtained an increase in 
torque even though the length of the tooth pole is ex 
tended. 

(3) The drawing and punching method utilizes a die 
to punch the yoke (as shown in FIGS. 9 and 10). Since 
the sheet is drawn in a straight cylindrical shape or 
tapered cup shape along the punching direction, the 
cutting die has a long cutting stroke during the press 
punching of the cylindrical convex, thereby reducing a 
life of the die. The yield rate of press-punched pieces is 
reduced for each die thereby increasing the production 
cost. 

(4) With regard to the punching/raising method of 
raising tooth poles from a center of the yoke (shown in 
FIG. 8) and the drawing and punching method (as 
shown in FIGS. 9 and 10), when the yoke has a small 
inner diameter and therefore has narrow spaces, if a 
punch or die is dimensioned in a large size to secure the 
mechanical strength thereof, it is difficult to enlarge an 
area of each tooth pole and to increase a number of 
tooth poles, thereby causing drawbacks that the torque 
is not improved and a step angle is not reduced. 

SUMMARY OF THE INVENTION 

In order to solve the problems of the prior art, an 
object of the present invention is to elongate a tooth 
pole of a stator yoke to improve the motor torque, to 
increase a number of poles of the moter to obtain fine 
step angles, to extend the life of a punching die, to avoid 
thinning of the tooth poles to prevent reduction in the 
motor torque, and to precisely set a relative angular 
position between tooth poles of adjacent phases. 
According to the present invention, the stepping 

motor comprises an inner rotor comprised of a cylindri 
cal magnet having multiple magnetic poles magnetized 
radially, and a shaft engaged through a center of the 
magnet. An outer stator is provided comprised of a pair 
of interior stator yokes and another pair of exterior 
stator yokes, each being disposed around the rotor. The 
pair of interior stator yokes are coupled with each other 
through their respective locating protrusions and inden 
tations and are interlaced with each other. The pair of 
exterior stator yokes are interlaced to respective ones of 
the interior stator yokes. An annular collar is fixed 
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around those of the coupled locating protrusions and 
integrated cylindrical rings of the pair of interior stator 
yokes. Coils are wound around an insulating bobbin 
disposed around the stator of the interlaced interior and 
exterior stator yokes. A pair of bearings are disposed to 
rotatably support respective end portions of the shaft of 
the rotor. A pair of opposed support plates are disposed 
to engage with respective locating protrusions of the 
pair of exterior stator yokes as well as to engage with 
the respective bearings. A casing is disposed around the 
annular collar and the coils such as to engage with the 
support plates to thereby contain therein the coils. 
The stator yoke for use in the stepping motor com 

prises a cylindrical ring composed of a magnetic mate 
rial. A plurality of tooth poles are arranged along one 
annular edge of the cylindrical ring at a constant pitch 
to leave a slit between adjacent tooth poles. Each tooth 
pole has a desired length between a tooth root and a 
tooth top and a given widthwise curvature identical to 
that of the cylindrical ring. The tooth root is wider and 
the tooth top is narrower, or they have the same width. 
A plurality of rectangular locating protrusions are ar 
ranged along another annular edge of the cylindrical 
ring in the same number as that of the tooth poles. Each 
locating protrusion has a length shorter than that of the 
tooth pole and a width set identical to a spacing from an 
adjacent locating protrusion to define therebetween a 
rectangular locating indentation arranged alternately to 
the rectangular locating protrusion. Each locating pro 
trusion is staggered from each corresponding tooth pole 
by a given angular interval determined by 
360/{2x(tooth pole number of one phase)x (phase num 
ber)). The locating protrusions and the tooth poles are 
integrally formed with the cylindrical ring. 
The method of forming the stator yoke of the step 

ping motor comprises the steps of: 
(a) drawing a sheet of a magnetic material to form a 

central round convex, 
(b) die-cutting the round convex to form a shape of a 

cylindrical ring and locating protrusions along a circu 
lar edge of the cylindrical ring, 

(c) rasing the locating protrusions to elect along a 
pitch circle identical to that of the cylindrical ring and 
shaping the locating protrusions having a widthwise 
curvature identical to that of the cylindrical ring, 

(d) die-cutting the sheet around a periphery of the 
round convex to form tooth poles, 

(e) rasing the tooth poles oppositely to the locating 
protrusions to elect the tooth poles along a pitch circle 
identical to that of the cylindrical ring and shaping the 
tooth poles having a widthwise curvature identical to 
that of the cylindrical ring, and 

(f) punching the sheet to separate a stator yoke com 
posed integrally of the locating protrusions, the tooth 
poles and the cylindrical ring therebetween. 

In operation of the stepping motor as constructed 
above, the coils are applied with an electric current 
according to a given sequence so as to excite the tooth 
poles. Consequently, a repulsive force is generated 
when the opposed magnetic poles of the rotor magnetis 
in the same polarity relative to the excited tooth poles, 
and an attractive force is generated in case of the oppo 
site polarity to thereby rotated the rotor magnet step by 
step, in manner similar to a typical PM type stepping 
notor. 
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4. 
BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 a sectional diagram showing a structure of the 

stepping motor utilizing the inventive stator yoke; 
FIGS. 2(a) and 2(b) are sectional diagrams showing 

structures of other stepping motors utilizing the inven 
tive stator yokes; , 

FIG. 3 is a perspective view showing a shape of the 
inventive stator yoke; 
FIG. 4 is a sectional diagram showing a structure of 

the conventional stepping motor; 
FIG. 5 is a sectional diagram showing another struc 

ture of the conventional stepping motor; 
FIG. 6 is a sectional diagram showing a further struc 

ture of the conventional stepping motor; 
FIG. 7 is a perspective view showing a shape of the 

conventional stator yoke formed by punching/raising 
method; 
FIG. 8 is a perspective view showing another shape 

of the conventional stator yoke formed by punching 
Mraising method; 

FIG. 9 is a perspective view showing a shape of the 
conventional stator yoke formed by drawing and 
punching method; 
FIG. 10 is a perspective view showing another shape 

of the stator yoke formed by drawing and punching 
method; 
FIG. 11 is a flowchart showing production steps of 

the inventive stator yoke; 
FIG. 12 is an illustrative diagram showing respective 

stages of the inventive stator yoke during the course of 
the pressing production by sequential application of dies 
or molds; 

FIG. 13 is an illustrative diagram showing dimen 
sional relation of inner diameter and tooth pole length 
of the conventional stator yoke; 
FIGS. 14a and 14b are illustrative diagrams showing 

the relation between the length and the thickness of a 
tooth pole formed by drawing and punching method, 
respectively; 
FIG. 15 is a developed diagram showing pairs of the 

inventive stator yokes interlaced with one another; 
FIG.16 is an illustrative view showing an example of 

the staggered relation between tooth poles and locating 
protrusions of the inventive stator yoke; 
FIG. 17 is a perspective view showing an exterior 

yoke interlaced with an interior yoke; 
DETAILED DESCRIPTION OF THE 

INVENTION 
Hereinafter, embodiments of the invention will be 

described in conjunction with the drawings. Referring 
to FIG.3 a shape is shown of the inventive stator yoke, 
each tooth pole has a tooth top 1a and a tooth root 1b. 
A cylindrical ring 1c is composed of a magnetic material 
and is formed on its one side integrally with the tooth 
poles having a desired length and being arranged at a 
constant pitch leaving a slit lie between adjacent tooth 
poles. Each tooth pole has a tooth top 1a of a smaller 
width and the tooth root 1b of a greater width. Alterna 
tively, the tooth top 1a and the tooth root 1b may have 
the same width. Each tooth pole is shaped widthwise 
arcuately with a given curvature identical to that of the 
cylindrical ring 1c. The cylindrical ring 1c is formed on 
its another side integrally with rectangular locating 
protrusions 1d shorter than the tooth pole and arranged 
in the same number as the tooth poles such that rectan 
gular locating indentations fare defined alternately 
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with the locating protrusions 1d. The locating protru 
sion lid and the locating indentation f have the same 
width and the same pitch. A center of each locating 
protrusion 1d is staggered from a center of each corre 
sponding tooth pole by an angular difference of 
360/{2X(tooth pole number of one phase)X(phase 
number)). 
FIG. 16 shows an example of the inventive stator 

yoke. One phase of the stator has 10 tooth poles, since a 
pair of stator yokes each having 5 tooth poles are cou 
pled with each other. The stator has two phases so that 
the above noted angular difference is set to 9". The 
stator yoke is formed integrally of the tooth poles, the 
locating protrusions and the cylindrical ring. 

FIG. 1 shows one embodiment of the stepping motor 
utilizing the inventive stator yokes. A pair of interior 
yokes 2 (FIG. 3 shows their perspective view) are en 
gaged with each other through locating protrusions 1d 
and the locating indentations f interlaced with each 
other as shown in FIG. 15 of a schematically developed 
diagram. A annular collar 11 is fixed in place around the 
coupled portion of the interior yokes 2. Further, the 
coupled pair of the yokes 2 are mounted within a casing 
3. A bobbin 7 having wound coils 6 is fixed between the 
coupled pair of inner yokes 2 and the casing 3. A pair of 
support plates 4 receive respective bearings 5. Further, 
each exterior yoke 1 which has the same shape as that of 
the interior yoke 2 is engaged to the corresponding 
support plate 4 through locating protrusions 1d which 
are inserted into corresponding notches (not shown) 
formed in the support plate 4. A shaft 9 is attached with 
a magnet 8 and washers 10 to constitute a rotor. One 
support plate 4 is fixed to the casing 3 together with the 
bearing 5 and the exterior yoke 1 so that the exterior 
yoke 1 is interlaced with one of the coupled pair of 
interior yokes 2 as shown in FIG. 1, FIG. 15, FIG. 17. 
Next, the rotor is disposed within the stator. Then, the 
other support plate 4 is fixed to the opposite side of the 
casing 3 together with the other bearing 5 and the other 
exterior yoke 1 so that the other exterior yoke 1 is inter 
laced with the remaining one of the coupled pair of 
interior yokes 2. 
FIGS. 2(a) and 20b) show other embodiments of the 

invention. The magnet 8 is axially divided into two 
parts so that the magnet 8 does not face to the cylindri 
cal ring 1c and the locating protrusions 1d (shown in 
FIG. 3). Consequently, magnetic flux generated from 
the magnet 8 is prevented from making a short pass to 
those of the cylindrical ring 1c and the locating protru 
sions 1d to thereby improve the motor performance. 
FIG. 11 shows the steps of forming the inventive 

stator yoke in conjunction with FIG. 12. In step 101, 
pilot holes A and B are formed by punching in a sheet 
of magnetic material for use as a positional guide in the 
following steps. In step 102, the sheet is drawn to form 
a cylindrical convex having a diameter set identical to a 
yoke inner diameter with reference to the pilot holes A, 
B (hereinafter, the holes A, B are used always for the 
positional guide), in order to form locating protrusions 
ld and a cylindrical ring lic. In step 103, an opening is 
formed by punching in a center of the convex drawn in 
the step 102 to leave a peripheral portion of the convex 
having a height corresponding to those of locating pro 
trusions 1d. In step 104, the convex is punched to shape 
locating protrusions 1d and locating indentations f. In 
step 105, each locating protrusion 1d is raised radially 
outward by 70' -80". Subsequently in step 106, the 
locating protrusion 1d is further raised by 90' to define 
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6 
a diameter indentical to the yoke inner diameter. In step 
107 and step 108, windows are formed by punching in 
order to form tooth poles of a stator yoke. This process 
is divided into the two steps because a spacing or slit is 
narrow between adjacent tooth yokes. In step 109, the 
sheet is cut by pressing to leave a height of each tooth 
pole. In steps 110 and 111, the tooth pole is raised radi 
ally inward by two stages in manner similar to steps 105, 
106 to define a diameter identical to the yoke inner 
diameter. In step 112, the sheet is punched around a 
formed stator yoke by a given diameter identical to the 
yoke outer diameter to thereby separate the stator yoke 
from the sheet. In step 113, the stator yoke is subjected 
to magnetic annealing to remove strain. Lastly in step 
114, the stator yoke is plated to prevent rust. 
According to the invention, as described above, the 

following effects are achieved. 
(1) The inventive stator yoke features a greater num 

ber of tooth poles and a longer dimension of each tooth 
pole even in a small inner diameter of the annular tooth 
pole arrangement, thereby improving torque of the 
stepping motor and increasing stepping number per one 
complete rotation. 

(2) In the production of the stator yoke, the sheet is 
cut in the thickness direction to form tooth poles, 
thereby prolonging life of punching die. 

(3) Since the tooth pole is not drawn to avoid thin 
ning of its thickness, an effective magnetic flux is main 
tained to prevent reduction in torque. 

(4) The locating protrusions of one yoke are engaged 
with the locating indentations of another yoke to accu 
rately ensure the relative angular position of tooth poles 
between adjacent phases. 
What is claimed is: 
1. A stator yoke for use in a stepping motor, compris 

ing: 
a cylindrical ring composed of a magnetic material; 
a plurality of tooth poles arranged along one annular 

edge of the cylindrical ring at a constant pitch to 
define a slit between adjacent tooth poles, each 
tooth pole having a desired length between a tooth 
root and a tooth top and a given widthwise curva 
ture identical to that of the cylindrical ring; and 
plurality of locating protrusions arranged along 
another annular edge of the cylindrical ring in a 
same number as that of the tooth poles, each locat 
ing protrusion having a length shorter than that of 
each of the tooth poles and a width set identical to 
a spacing from an adjacent locating protrusion to 
define therebetween a locating indentation ar 

... ranged alternately to the locating protrusion, each 
locating protrusion being staggered from each cor 
responding tooth pole by a given angular interval 
determined by 360/2Xtooth pole number of one 
phaseXphase number, the locating protrusions and 
the tooth poles being integrally formed with the 
cylindrical ring. 

2. A stepping motor comprising: 
an inner rotor comprised of a cylindrical magnet 

having a multiple of magnetic poles magnetized 
radially, and a shaft engaged through a center of 
the magnet; 

an outer stator comprised of a pair of interior stator 
yokes and another pair of exterior stator yokes, 
each being disposed around the rotor and being 
formed according to claim 1, the pair of interior 
stator yokes being coupled with each other 
through their respective locating protrusions, the 
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pair of exterior stator yokes being engaged with a 
respective one of the pair of interior stator yokes 
through their tooth roots; 

an annular collar fixed around the coupled locating 
protrusions and respective cylindrical rings of the 
pair of coupled interior stator yokes; 

coils disposed around the stator of the engaged inte 
rior and exterior stator yokes; 

a pair of bearings rotatably supporting respective end 
portions of the shaft of the rotor; 

a pair of opposed support plates engageable with 
respective locating protrusions of the pair of exte 
rior stator yokes and with the respective bearings; 
and 

a casing disposed around the annular collar and the 
coils such as to engage with the support plates. 

3. A stator yoke for use in a stepping motor and con 
figured for engaging with similarly configured stator 
yokes of the stepping motor, the stepping motor having 
at least one support plate for supporting a stator yoke, 
the stator yoke comprising: a cylindrical ring comprised 
of a magnetic material having a first annular edge and a 
second annular edge; a plurality of tooth poles inte 
grally formed with the cylindrical ring and disposed in 
spaced-apart relation along the first annular edge of the 
cylindrical ring, the plurality of spaced-apart tooth 
poles being engageable with a plurality of spaced-apart 
tooth poles of a similarly configured stator yoke of a 
stepping motor; a plurality of locating protrusions inte 
grally formed with the cylindrical ring and disposed in 
spaced-apart relation along the second annular edge, 
the plurality of spaced-apart locating protrusions being 
engageable with one of the plurality of spaced-apart 
locating protrusions of a similarly configured stator 
yoke of a stepping motor and a support plate of the 
stepping motor. 

4. A stator yoke according to claim 3; wherein the 
tooth poles are disposed along the first annular edge of 
the cylindrical ring at constant pitch. 

5. A stator yoke according to claim 3; wherein the 
cylindrical ring has a curvature; and the tooth poles 
have a widthwise curvature identical to the curvature 
of the cylindrical ring. 

6. A stator yoke according to claim 3; wherein each 
one of the tooth poles has a tooth root at its end integral 
with the cylindrical ring and a tooth top at its end oppo 
site the tooth root, the tooth root being wider than the 
tooth top. 

7. A stator yoke according to claim 3; wherein each 
one of the tooth poles has a tooth root at its end integral 
with the cylindrical ring and a tooth top at its end oppo 
site the tooth root, the tooth root being the same width 
as the tooth top. 

8. A stator yoke according to claim 3; wherein each 
one of the plurality of locating protrusions is shorter in 
length than each one of the plurality of tooth poles. 

9. A stator yoke according to claim 3; wherein each 
one of the plurality of locating protrusions has a width 
that is equal to a spacing from a next adjacent locating 
protrusion so as to define a rectangular locating indenta 
tion between adjacent locating protrusions. 
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10. A stator yoke according to claim 3; wherein a 

stator of the stepping motor has a phase equal to a num 
ber of tooth poles of a pair of engaged stator yokes, and 
each one of the plurality of locating protrusions has a 
center staggered from a center of a corresponding tooth 
pole by an angular interval determined by 
360/2Xnumber of tooth poles of one phasexnumber 
of phases. 

11. A stepping motor, comprising: a rotor; and an 
outer stator comprised of a pair of interior stator yokes 
and a pair of exterior stator yokes, each stator yoke 
comprising a cylindrical ring comprised of a magnetic 
material having a first annular edge and second annular 
edge, a plurality of tooth poles integrally formed with 
the cylindrical ring and disposed in spaced-apart rela 
tion along the first annular edge of the cylindrical ring, 
the plurality of spaced-apart tooth poles engaging with 
a plurality of spaced-apart tooth poles of a correspond 
ing similarly configured stator yoke, and a plurality of 
locating protrusions integrally formed with the cylin 
drical ring and disposed in spaced-apart relation along 
the second annular edge, the plurality of spaced-apart 
locating protrusions engaging with one of a plurality of 
spaced-apart locating protrusions of a corresponding 
similarly configured stator yoke and support plate of the 
stepping motor, each stator yoke being disposed around 
the rotor, the pair of interior stator yokes being engaged 
with each other through their respective locating pro 
trusions, and each of the pair of exterior stator yokes 
being engaged with a corresponding one of the pair of 
interior stator yokes through their respective tooth 
poles. 

12. A stepping motor according to claim 11; further 
comprising an annular collar disposed around the en 
gaged locating protrusions of the pair of interior stator 
yokes. 

13. A stepping motor according to claim 11; further 
comprising coils disposed around the engaged tooth 
poles of the pair of exterior stator yokes and the pair of 

40 interior stator yokes. 

45 

55 

65 

14. A stepping motor according to claim 11; wherein 
the rotor has a shaft; and further comprising a pair of 
bearings rotatably supporting respective end portions of 
the shaft. 

15. A stepping motor according to claim 11; further 
comprising a pair of opposed support plates engaged 
with respective locating protrusions of the pair of exte 
rior stator yokes. 

16. A stepping motor according to claim 11; wherein 
the outer stator has a phase equal to a number of tooth 
poles of a pair of engaged stator yokes, and wherein 
each one of the plurality of locating protrusions has a 
center staggered from a center of a corresponding tooth 
pole by an angular interval determined by 
360/2Xnumber of tooth poles of one phasexnumber 
of phases. 

17. A stepping motor according to claim 11; wherein 
the rotor has a shaft, and a first and a second magnet 
fixed to the shaft, the first and the second magnets being 
spaced apart so as not to face the locating protrusions 
and cylindrical rings of the engaged pair of interior 
stator yokes. 


